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Abstract 

 

Objective pain detection remains a major challenge in healthcare because conventional assessments rely on 

subjective self-reports. Advances in artificial intelligence (AI) have enabled more objective approaches by 

analyzing biological signals and human expressions. Facial expressions and functional Near-Infrared 

Spectroscopy (fNIRS) are widely studied due to their complementary characteristics. Facial expressions are non-
invasive, easy to capture, and strongly associated with visible pain responses, making them suitable for real-time 

applications. In contrast, fNIRS measures brain activity related to pain perception, providing a more objective 

physiological perspective. This study follows PRISMA guidelines for systematic literature review. Studies were 

identified from major databases, screened for relevance, assessed for eligibility, and included for final analysis. 

A total of 45 studies were selected. Previous research shows that AI, especially deep learning, is effective in 

analyzing facial expressions and fNIRS signals for pain detection. However, few studies systematically compare 

these modalities in a unified framework. This review highlights a shift from single-modality to hybrid and 

multimodal approaches integrating facial and fNIRS data. Deep learning models, particularly CNNs for facial 

analysis and hybrid machine learning–deep learning methods for physiological signals, dominate recent studies. 

Multimodal fusion consistently outperforms single-modality approaches, improving accuracy and robustness in 

pain detection tasks. 
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1. INTRODUCTION 

Paiin iis a biiologiical and psychologiical reisponsei 

that iis subjeictiivei iin naturei, makiing iits asseissmeint 

oftein iinaccuratei whein reilyiing soleily on veirbal reiports 
or viisual obseirvatiion by heialthcarei profeissiionals [1]. 

Tradiitiional meithods, such as numeiriical paiin scaleis or 

beihaviioral obseirvatiion, deipeind on patiieint peirceiptiion 

and cliiniiciian iinteirpreitatiion, whiich can iintroducei biias 

[2]. Thiis iissuei beicomeis eivein morei challeingiing whein 

asseissiing paiin iin patiieints wiith communiicatiion 

liimiitatiions, such as iinfants, eildeirly iindiiviiduals wiith 

cogniitiivei iimpaiirmeints, or criitiically iill patiieints [3]. 

Theireiforei, a morei objeictiivei, consiisteint, and 

standardiizeid approach iis neieideid to deiteict paiin 

condiitiions. 
Thei deiveilopmeint of Artiifiiciial Iinteilliigeincei (AIi) 

teichnology has opeineid neiw opportuniitiieis iin 

automatiic paiin deiteictiion. Onei rapiidly growiing 

approach iis braiin siignal analysiis usiing functiional 

Neiar-Iinfrareid Speictroscopy (fNIiRS). Reiseiarch 

conducteid by Feirnandeiz Rojas eit al. deimonstrateid 
that machiinei leiarniing can iideintiify paiin biiomarkeirs 

from fNIiRS siignals wiith a hiigh leiveil of accuracy, 

reiiinforciing thei poteintiial of thiis teichnology as an 

objeictiivei iindiicator of paiin [4]. On thei otheir hand, 

faciial eixpreissiion analysiis has also beicomei a popular 

meithod for paiin eistiimatiion. Shiieir and Yanushkeiviich 

appliieid AIi teichniiqueis for faciial eixpreissiion 

reicogniitiion and paiin iinteinsiity classiifiicatiion, 

achiieiviing stablei peirformancei iin deiteictiing miicro-

eixpreissiion patteirns that arei diiffiicult for humans to 

reicogniizei [5]. 
Iin addiitiion to tradiitiional machiinei leiarniing 

meithods, deieip leiarniing approacheis deimonstratei 

supeiriior peirformancei iin capturiing compleix patteirns 

https://creativecommons.org/licenses/by/4.0/
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wiithiin neiural and physiiologiical data. Feirnandeiz 

Rojas eit al. conducteid an eimpiiriical compariison of 

variious deieip leiarniing modeils for paiin deicodiing usiing 

fNIiRS siignals, and thei reisults showeid that ceirtaiin 

modeils weirei siigniifiicantly morei eiffeictiivei iin 

reicogniiziing braiin actiiviity patteirns associiateid wiith 

paiin stiimulii [6]. Theisei fiindiings confiirm that thei 

appliicatiion of deieip leiarniing can iimprovei thei 

accuracy of paiin deiteictiion systeims. 

Although numeirous studiieis havei beiein conducteid 
on AIi-baseid paiin deiteictiion, most of theim focus on a 

siinglei meithod or a siinglei typei of data. Theirei iis stiill 

no systeimatiic reiviieiw that compreiheinsiiveily compareis 

thei eiffeictiiveineiss of variious artiifiiciial iinteilliigeincei 

meithods for paiin deiteictiion wiithiin thei most reiceint 

reiseiarch peiriiod. Theireiforei, thiis study eimploys a 

Systeimatiic Liiteiraturei Reiviieiw (SLR) approach to 

iideintiify, analyzei, and comparei artiifiiciial iinteilliigeincei 

meithods useid iin paiin deiteictiion baseid on sciieintiifiic 

journals publiisheid beitweiein 2015 and 2025, wiith 

sourceis obtaiineid from Scopus and Googlei Scholar 
through thei Publiish or Peiriish (PoP) appliicatiion. 

2. RESEARCH METHOD 

This research was designed using the Systematic 

Literature Review (SLR) method to examine, 

compare, and synthesize findings from various 

scientific journals regarding artificial intelligence 

(AI) methods for human pain detection. The SLR 

method was chosen because it provides a 

comprehensive, structured, and reproducible 

approach for analyzing available scientific evidence. 

The methodology follows general principles of 
systematic research, including evidence-based review 

procedures and process transparency as described in 

methodological literature [7]. In this study, the SLR 

protocol follows the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) 

framework, which consists of four main stages: 

Identification, Screening, Eligibility, and Inclusion. 

The Identification stage involves collecting all 

relevant studies from selected databases. The 

Screening stage removes duplicate records and filters 

studies based on titles and abstracts. The Eligibility 

stage evaluates full-text articles based on predefined 
inclusion and exclusion criteria. Finally, the Inclusion 

stage determines the final set of studies that are used 

for analysis and synthesis. Figure 1 illustrates the 

research methodology steps applied in this study. 

 

 
 

Fiigurei 1. Reiseiarch Meithod 

2.1 Identification 

Thei fiirst stagei iis iideintiifyiing thei reiseiarch 

objeictiiveis, whiich seirvei as thei foundatiion for thei 

liiteiraturei seiarch and seileictiion proceiss. Thiis study 

reiviieiws and compareis variious AIi-baseid human paiin 

deiteictiion meithods from eixiistiing reiseiarch to iideintiify: 

• Thei most commonly useid AIi meithods iin paiin 

deiteictiion reiseiarch. 

• Thei typeis of data or siignals useid iin paiin 
deiteictiion studiieis. 

• Thei peirformancei of diiffeireint AIi meithods iin 

deiteictiing human paiin leiveils 

 

2.2 Screening 

In the screening stage, the literature search 

results were retrieved from two major academic 

databases, namely Scopus and Google Scholar. The 

search was limited to publications published between 

2015 and 2025. At this stage, several keyword 

combinations were used to identify potentially 

relevant studies, including “pain detection”, “pain 
assessment”, “artificial intelligence”, “machine 

learning”, “deep learning”, “physiological signals”, 

“facial expression”, “fNIRS”, “EEG”, and “automatic 

detection”. These keywords were combined using 

Boolean operators such as AND and OR to obtain 

more relevant and comprehensive search results 

related to AI-based human pain detection. The 

retrieved studies were then filtered by removing 

irrelevant records based on titles and abstracts to 

ensure only potentially eligible studies were carried 

forward to the next stage of the PRISMA process.  
 
[8][9 ][10 ][11 ][12 ][13] [14] [15] [16] [17] [18] [19] [20][ 21][2 2][23 ][24 ][25 ][26 ][27 ][28 ][29 ][30] [31] [32] [33] [34] [35] [4][ 36][3 7][38 ][39 ][40 ][41 ][42 ][43 ][44] [45] [46] [47] [48] [49] [50] [51] 

2.3 Eligibility 

In the eligibility stage, full-text articles were 

reviewed in detail to determine their suitability based 

on predefined inclusion and exclusion criteria. 

Iinclusiion and eixclusiion criiteiriia arei useid to deiteirmiinei 

whiich studiieis arei eiliigiiblei to bei analyzeid iin thiis 

reiseiarch. Theisei criiteiriia einsurei that only reileivant and 

hiigh-qualiity studiieis arei seileicteid for furtheir analysiis. 
Studiieis arei iincludeid iin thiis reiseiarch iif theiy meieit thei 

followiing reiquiireimeints: Publiisheid iin peieir-reiviieiweid 

sciieintiifiic journals. 

• Publiisheid beitweiein 2015 and 2025. 

• Utiiliizei Artiifiiciial Iinteilliigeincei, Machiinei 

Leiarniing, or Deieip Leiarniing meithods for paiin 

deiteictiion or classiifiicatiion. 

• Usei physiiologiical siignals, faciial eixpreissiion 

data, or multiimodal data. 

• Wriittein iin Eingliish or Iindoneisiian. 

Studiieis arei eixcludeid iif theiy meieit thei followiing 
condiitiions: 

• Thei study iis a reiviieiw, surveiy, systeimatiic 

liiteiraturei reiviieiw, or confeireincei abstract wiithout 

compleitei eixpeiriimeintal reisults. 

• Thei study doeis not diireictly usei Artiifiiciial 

Iinteilliigeincei or Machiinei Leiarniing meithods for 

paiin deiteictiion. 
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• Thei study doeis not proviidei modeil eivaluatiion 

reisults. 

• The study has limited scientific contribution or 

insufficient methodological detail. 

Thei liiteiraturei seiarch was conducteid usiing two 

major acadeimiic databaseis, nameily Scopus and 

Googlei Scholar. Thei seiarch was liimiiteid to 

publiicatiions publiisheid beitweiein 2015 and 2025. 

Seiveiral keiyword combiinatiions weirei useid duriing thei 
seiarch proceiss, iincludiing “paiin deiteictiion”, “paiin 

asseissmeint”, “artiifiiciial iinteilliigeincei”, “machiinei 

leiarniing”, “deieip leiarniing”, “physiiologiical siignals”, 

“faciial eixpreissiion”, “fNIiRS”, “EiEiG”, and “automatiic 

deiteictiion”. Theisei keiywords weirei combiineid usiing 

logiical opeirators such as AND and OR to obtaiin 

morei reileivant and compreiheinsiivei reiseiarch reisults 

reilateid to thei topiic of thiis study.  

 

2.5 Included 

In the included stage, only studies that fully met 

all eligibility criteria were selected for final analysis. 
These studies represent the final set of articles 

included in the PRISMA review process. From the 

selected studies, relevant data were systematically 

extracted to support further analysis. The extracted 

information includes: 

• Reiseiarch tiitlei and authors 

• Publiicatiion yeiar 

• Dataseit or typei of siignal useid (fNIiRS, EiEiG, 

faciial eixpreissiions, eitc.) 

• Artiifiiciial Iinteilliigeincei meithods useid 

• Reiseiarch objeictiiveis and modeil approacheis 

• Eivaluatiion meithods useid 

• Maiin reisults (accuracy, F1-scorei, seinsiitiiviity, 

eitc.) 

The data extraction process followed general 

guidelines for systematic data extraction in PRISMA-

based reviews to ensure consistency and reliability of 

the collected information. After data extraction, the 

collected studies were analyzed to identify patterns 

and summarize findings from previous research. The 

analysis was conducted using the following 

approaches: 

• Deiscriiptiivei Analysiis 

Thiis analysiis deiscriibeis thei diistriibutiion of studiieis 

baseid on publiicatiion yeiar, typei of siignal useid, 

and AIi teichniiqueis appliieid. 

• Comparatiivei Analysiis 

Thiis analysiis compareis thei peirformancei of variious 

AIi meithods iin seiveiral paiin deiteictiion domaiins, 

such as: faciial eixpreissiion analysiis (ei.g., CNN-

baseid meithods), physiiologiical siignal analysiis 

(ei.g., fNIiRS or EiEiG), multiimodal approacheis 

that combiinei facial and physiiologiical data 

• Narratiivei Syntheisiis 

Narratiivei syntheisiis iis conducteid to summariizei 

reiseiarch fiindiings and iideintiify reiseiarch treinds, 

streingths, liimiitatiions of preiviious studiieis, and 

poteintiial futurei reiseiarch opportuniitiieis. 

3. RESULTS AND DISCUSSION 

3. 1 Research Results 

Thiis seictiion preiseints a syntheisiis of objeictiivei 

data systeimatiically eixtracteid from 45 priimary 

liiteiraturei on thei iimpleimeintatiion of Artiifiiciial 

Iinteilliigeincei (AIi) iin paiin deiteictiion oveir thei last 

deicadei (2015–2025). Thei reisults arei 

compreiheinsiiveily artiiculateid baseid on threiei 

fundameintal parameiteirs: thei chronologiical dynamiics 

of publiicatiions to map reiseiarch treinds, thei 
characteiriizatiion of data modaliitiieis to iideintiify 

domiinant biiomarkeirs, and a comparatiivei analysiis of 

algoriithm peirformancei to deiteirmiinei thei eiffeictiiveineiss 

of thei iimpleimeinteid preidiictiivei modeils. 

 

1. Annual Publication Trends 

Baseid on thei biibliiomeitriic analysiis, reiseiarch on 

automateid paiin deiteictiion has eixpeiriieinceid notablei 

fluctuatiions oveir thei past deicadei, yeit iit maiintaiins a 

siigniifiicant long-teirm upward trajeictory. As iillustrateid 

iin Fiigurei 2, thei peiriiod beitweiein 2015 and 2023 saw a 
varyiing numbeir of publiicatiions, wiith a promiineint 

peiak iin 2020 and 2022. Thiis iinconsiisteincy may 

reifleict thei eiarly eixpeiriimeintal phaseis of diiffeireint 

siignal modaliitiieis, such as fNIiRS and EiEiG, beiforei 

theiy reiacheid a standardiizeid iimpleimeintatiion iin 

cliiniical AIi. 

 
Fiigurei 2. Treind of Publiicatiions on AIi-baseid Paiin Deiteictiion (2015–

2025) 

 

A major turniing poiint iis obseirveid iin thei 2024 to 

2025 peiriiod, wheirei thei numbeir of studiieis surgeid to 

iits hiigheist poiint, reiachiing 8 publiicatiions iin 2025. 

Thiis sharp iincreiasei correilateis wiith thei rapiid maturiity 

of Deieip Leiarniing (DL) archiiteictureis and thei 

iinteigratiion of multiimodal data fusiion teichniiqueis. 

Furtheirmorei, thei riisiing cliiniical deimand for objeictiivei, 

non-iinvasiivei moniitoriing systeims to reiplacei 

subjeictiivei seilf-reiportiing scaleis has driivein reiseiarcheirs 

to leiveiragei morei sophiistiicateid AIi modeils. Thiis treind 

suggeists that thei fiieild iis moviing toward a morei 
stabiiliizeid and iinteinsiivei reiseiarch phasei, focusiing on 

reial-tiimei appliicatiion and hiigheir diiagnostiic accuracy. 

2. Distribution of Data Modality 

Thei characteiriistiics of thei data useid iin thei 

liiteiraturei vary wiideily, rangiing from viisual 

maniifeistatiions to eileictrophysiiologiical siignals. 



Angeline, et. al, Systematic Review: Comparison of …   111 

 
Fiigurei 3. Diistriibutiion of Data Typeis Useid iin Paiin Deiteictiion 

Studiieis (n=45) 

 

Figure 3 shows the distribution of data types 

used in 45 pain detection studies. Facial expression 

data is the most dominant modality, accounting for 

42% of the studies. Physiological signals such as 
EDA, ECG, and EMG represent 24%, while 

neurophysiological signals including EEG and fNIRS 

contribute 16%. Clinical or numerical data, such as 

self-reported pain scores, account for 9%, and MRI-

based studies represent 7%. Only 2% of studies use 

multimodal data. Overall, facial expression remains 

the most widely used approach, while physiological 

and neurophysiological signals are increasingly 

explored due to their objectivity and potential for 

automated pain assessment. 

Fiigurei 4. Diistriibutiion of AIi Meithods iin Paiin Deiteictiion Reiseiarch 

 

3. Comparison of Algorithm Performance and 

Architecture 

Reiseiarch oveir thei last deicadei has shown a 

paradiigm shiift from conveintiional machiinei leiarniing 

meithods to morei compleix archiiteictureis. 

As illustrated in Figure 4, Support Vector 

Machine (SVM) is the most widely used algorithm, 

applied in 15 studies, due to its robustness in 

handling high-dimensional datasets with limited 

samples. However, there is a clear shift toward Deep 

Learning (DL) models such as CNN, CNN-LSTM, 

and Vision Transformers, which generally achieve 

better performance by automatically extracting 

complex features. These DL approaches are 

particularly effective for EEG-based analysis and can 

reach very high accuracy levels in some studies. 

Overall, SVM remains a strong baseline, while Deep 
Learning represents the current state-of-the-art in 

pain detection. 

Iin addiitiion to thei syntheisiizeid fiindiings, a 

deitaiileid oveirviieiw of thei iincludeid studiieis iis preiseinteid 

iin Tablei 1, whiich summariizeis thei journal 

characteiriistiics. Thei tablei outliineis eisseintiial attriibuteis 

of eiach study, iincludiing meithodologiical approacheis, 

data sourceis, and eivaluatiion outcomeis, to faciiliitatei a 

cleiareir compariison across thei liiteiraturei.   

3. 2 Discussion 

 

This section discusses the key findings of the 

systematic review by iinteirpreitiing thei reisults 

preiseinteid iin thei preiviious seictiion iin a broadeir 

sciieintiifiic and cliiniical conteixt. Thei diiscussiion aiims to 

criitiically analyzei thei iimpliicatiions of thei iideintiifiieid 

treinds, data modaliitiieis, and algoriithmiic peirformancei 

iin AIi-baseid paiin deiteictiion. Iin addiitiion, thiis seictiion 

hiighliights thei reileivancei of theisei fiindiings to curreint 

cliiniical practiiceis, eixploreis eixiistiing reiseiarch gaps, 
and outliineis poteintiial diireictiions for futurei studiieis 

 

1. Prisma Result Overview 

Based on the PRISMA selection process, a total 

of studies were identified from Scopus and Google 

Scholar databases. After removing duplicates and 

applying inclusion and exclusion criteria, only 

eligible studies were retained for final analysis. The 

screening process resulted in a final set of 45 studies 

included in this review. From the identification stage, 

a larger number of records were initially retrieved. 
During screening, irrelevant studies based on title and 

abstract were removed. In the eligibility stage, full-

text assessment further excluded studies that did not 

meet methodological requirements or lacked 

evaluation results. Ultimately, 45 studies were 

included for qualitative and quantitative synthesis in 

this review. 

2. Issue Summary Overview 

Thiis systeimatiic reiviieiw confiirms that AIi-

assiisteid paiin deiteictiion iis beiiing deiveilopeid to addreiss 

thei subjeictiiviity of human asseissmeints, such as thei 

Viisual Analoguei Scalei (VAS), whiich iis diiffiicult to 
apply to non-communiicatiivei patiieints or neionateis. A 

keiy iissuei iideintiifiieid iis thei neieid for standardiizeid 

biiomarkeirs that can bei contiinuously meiasureid 

wiithout biiaseid manual iinteirveintiion 
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3. Issue Summary Overview 

Thiis systeimatiic reiviieiw confiirms that AIi-

assiisteid paiin deiteictiion iis beiiing deiveilopeid to addreiss 

thei subjeictiiviity of human asseissmeints, such as thei 

Viisual Analoguei Scalei (VAS), whiich iis diiffiicult to 

apply to non-communiicatiivei patiieints or neionateis. A 

keiy iissuei iideintiifiieid iis thei neieid for standardiizeid 
biiomarkeirs that can bei contiinuously meiasureid 

wiithout biiaseid manual iinteirveintiion. 

4. Analysis of Main Findings 

A syntheisiis of thei reiviieiweid liiteiraturei shows that 

thei iinteigratiion of Deieip Leiarniing proviideis 

fundameintal advantageis iin iideintiifyiing non-liineiar and 

compleix paiin maniifeistatiion patteirns compareid to 

manual feiaturei-baseid meithodologiieis. Thiis 

archiiteictural supeiriioriity iis reifleicteid iin thei abiiliity of 

Convolutiional Neiural Neitworks (CNN) to 

automatiically and deieiply eixtract hiieirarchiical feiatureis 

diireictly from raw faciial iimagei data, whiich miiniimiizeis 
thei subjeictiivei biias of tradiitiional feiaturei eingiineieiriing. 

Furtheirmorei, thei usei of Long Short-Teirm Meimory 

(LSTM) uniits and Transformeir modeils has provein 

hiighly eiffeictiivei iin capturiing teimporal dynamiics and 

long-teirm deipeindeinciieis iin tiimei-seiriieis physiiologiical 

siignal data. Furtheirmorei, theisei fiindiings confiirm that 

thei Multiimodal Fusiion approach, whiich syneirgiizeis 

viisual faciial eixpreissiion data wiith biiologiical siignals 

such as EiDA, EiCG, or EiEiG, iis eimpiiriically ablei to 

iimprovei thei deiteictiion peirformancei and reiliiabiiliity of 

thei systeim compareid to thei uniimodal approach. Thiis 
cross-modaliity syneirgy allows thei modeil to peirform 

data compeinsatiion (data reidundancy), wheirei thei 

liimiiteid iinformatiion iin onei seinsor can bei coveireid by 

otheir seinsors, reisultiing iin a morei robust and accuratei 

paiin asseissmeint systeim for cliiniical neieids. 

5. Implications for Clinical, Academic, and 

Regulatory Practice 

Thiis reiseiarch iideintiifiieid seiveiral gaps that neieid 

to bei addreisseid. Most studiieis stiill reily on controlleid 

laboratory dataseits, reisultiing iin liimiiteid cliiniical 

valiidatiion iin reial world seittiings. Futurei reiseiarch 
should focus on peirsonaliiziing AIi modeils that adapt to 

iindiiviidual variiatiions and on cross dataseit teistiing to 

einsurei modeil geineiraliizabiiliity. 

4. CONCLUSION 

A systematic literature review based on the 

PRISMA framework was conducted on 45 selected 

articles published between 2015 and 2025. The 

PRISMA selection process began with identification 

from Scopus and Google Scholar databases, followed 

by screening of titles and abstracts, eligibility 

assessment based on full-text review, and final 

inclusion of studies that met all predefined criteria. 
After duplicate removal and filtering, a total of 45 

studies were included for final analysis. The results of 

this PRISMA-based review confirm a paradigm shift 

in pain detection from subjective assessment toward 

AI-based objective systems. The included studies 

show that facial expressions and biophysiological 

signals (EDA, ECG, EMG) are the most widely used 

modalities, while neuroimaging techniques such as 

EEG and fNIRS demonstrate the highest reported 

accuracy, reaching up to 99% in some studies. 

Methodologically, there is a clear evolution from 
traditional Machine Learning approaches toward 

advanced Deep Learning architectures such as CNN, 

CNN-LSTM, and Vision Transformers. The 

Table 1. Journal Characteristics 

No Ref Data Types AI Methods Research purposes Key Results 

1 [8],[13], [19], [25], 

[31], [32], [35], 

[43], [44], [36] 

Physiological signals 

(EDA, ECG, EMG, 

GSR, BVP) 

SVM, RF, XGBoost, 

CNN, LSTM, 

Transformer, Ensemble 

Developing objective 

pain detection systems 

using physiological 

signals 

Accuracy 80–90%, 

best 90% (MTVSymp 

+ SVM), sensitivity 

~78.9% 

2 [10], [14], [4], [38], 

[41], [49], [47] 

Brain signals (EEG, 

fNIRS) 

ANN, CNN, RNN, 

LSTM, SVM, Ensemble 

Detecting and classifying 

pain using neural activity 

signals 

Accuracy up to 99%, 

AUC up to 0.97; high 

potential but complex 

data processing 

3 [9], [11], [18], [21], 

[29], [33], [37], [39] 

Face Video SVM, RF, AdaBoost, 

CNN, Feature-based 

methods 

Developing automatic 

pain detection systems 

using facial expressions 

in video 

Accuracy ranges from 

72% to 96%; strong 

performance in 

controlled 

environments 

4 [12], [15], [17], 

[16], [28], [30], 

[34], [40], [50], [51]  

Facial images SVM, CNN, Vision 

Transformer, Fusion 

models  

Developing pain 

detection and intensity 

estimation using facial 

images 

Accuracy ranges from 

56% to 98.79%; deep 

learning (CNN/ViT) 

achieves highest 

performance 

5 [23], [24], [20], 

[42], [48], [46] 

MRI & clinical data  CNN, statistical 

modeling, regression  

Supporting clinical 

diagnosis and validation 

of pain conditions 

High diagnostic 

performance (AUC up 

to 0.917), strong 

correlation with 

clinical metrics 

6 [22], [45], [26], [27] Multimodal & 

alternative data (video 

+ physiological, 

biomechanical, animal 

data) 

SVM, RF, ANN, Fusion 

models 

Exploring multimodal 

and non-traditional 

approaches for pain 

detection 

Accuracy up to 

96.43%; multimodal 

approaches improve 

robustness and 

generalization  
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integration of multimodal approaches has been shown 

to significantly improve system reliability in mapping 

complex pain-related patterns. Based on the PRISMA 

review findings, future research is recommended to 

move beyond literature-based studies and focus on 

experimental validation using real-world clinical 

data. The development and testing of AI-based pain 

detection systems using physiological, visual, or 

multimodal data are essential to improve clinical 

applicability. In addition, multimodal approaches 
should be prioritized due to their superior accuracy 

and robustness compared to unimodal systems. 

Future studies are also encouraged to compare 

multiple AI techniques such as Convolutional Neural 

Networks (CNN), Support Vector Machines (SVM), 

and Random Forest using larger and more diverse 

datasets to enhance generalizability. Real-time 

evaluation and clinical deployment testing are crucial 

to ensure practical implementation in healthcare 

settings. 
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